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Chapter 1 
Bean Production and 
Pest Constraints in 
La ti n America 
Introduction 
Dry beans (Phaseolus vulgaris L.) are exposed toa large array of yield 
constraints during their growth cycle in Latín America and other regions of 
the world. This chapter will concentrate primarily on dísease and insect 
constraints which influence bean productíon in Latín America. A brief 
review is given on Latín American bean production, followed by a 
discussion on economical and patlíological aspects of control strategies. 
More than one-third of the dry bean production in the world occurs in 
Latín America. Average bean yields in Latín America are less than 600 
kg/ ha, compared to monoculture yields ofnearly 1400 kgjha in the United 
States (Table l) and three to five tons under experimental conditions in 
Latín America (3). During the last decade the production growth rate of 
beans in Latín America was substantially less (0.27%) than the population 
growth rate (2.80%), and caused per capita consumption to decrease while 
bean imports and legume prices increased. These trends have aggravated 
nutritional and balance-of-payment problems in many Latín American 
countries (24). 
Total bean production has changed relatively little in Latín America 
during the last decade due to a net balance realized between expanded 
production area and reduced crop productivity (Table 2). Not only have 
dry bean yields declined during the last decade, but they also ha ve showed 
extreme fluctuation between years. Variable weather conditions, poor soil 
fertility, bean diseases and insect pests appear to be the most important 
factors contributing to declining and erratic yields (3, 13, 23, 25, 26, 27). 
The recent decline in Brazilian yields greatly influenced total productivity, 
sínce Brazil is responsible for 54% of Latín American bean production. 
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Recent severe dísease epidemics of bean golden mosaic virus and chronic 
problems with anthracnose and common bacteria! blight appearto ha ve 
been most responsíble for thís decline (24). 
Brazilían yield declines also ha ve been ínfluenced by the displacement of 
beans to more marginal production areas due to the .inf1ux of more 
profitable crops such as soybeans. Thís dísplacement also has occurred 
frequently throughout other regíons of Latín America because of the 
inherent rísks involved in bean production, low absolute yields and 
profitability, and the lack of a stable price after harvesting. These factors, 
plus dífficulties in mechanizing the dry bean harvest, have concentrated 
bean production on small farms in most of Latín Ameríca (13, 16). 
Production on small farrns usually ímplies low levels of purchased inputs, 
assocíated cropping, and productíon area shífts as soíl nutrients become 
depleted or eroded (Table 3). 
Determining Priorities 
Among Bean Pathogens and Pests 
The importance of a plant pathogen or pest ís deterrnined by the 
economic loss it causes. The magnitude of this loss depends on how 
frequently it occurs and how severe the damage is during each crop cycle. 
Most estima tes of yíeld losses in Latín America are based on experimental 
data and should, therefore, be regarded as estima tes of yield losses under 
condítions of good soils, high leve! management, often high use of inputs 
and usually high disease or insect incidence. Table 4 lists estimated yíeld 
losses obtaíned for important bean pathogens and insect pests, primarily 
under these condítíons. H owever, it is difficult to extrapola te these 
experíment station or glasshouse disease loss estimates to those of 
commercial operations. 
One study of farro leve! pest and pathogen incídence was conducted in 
ｾｨ･＠ major Colombian zones of bean production in 1974-1975. Based on 
data taken duríng repeated visíts to 177 farms, the relatíve importance of 
various pests and pathogens was estimated by multíple regressíon analysís 
(22, 23). Table 5 summarizes the magnitude ofproduction losses obtained 
during thís growth cycle in various Colombian regions. For example, 
leafhoppers caused 1.3 million dollars damage in three regions during one 
semester's production. Pest and pathogen incidence ís expected to vary not 
only by region but also between seasons and cultivars. ·Hence, much 
ínformation is necessary for the defmitíve priority ranking in speci.fic 
production regjons in Latín America. 
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Bean Disease ControJ Strategies 
Many meas u res are available in Latín America to control bean diseases, 
including cultural practices, crop rotation, sanitation and disease 
avoidance, production of pathogen-free or clean seed, chemical control 
and resistance breeding. Associated cropping with maize may reduce 
certain insect problems and create a physical barrier to the spread of a 
pathogen such as the common bacteria! blight bacterium ( 1, 10, 11). 
However, it can enhance infection by other pathogens such as the angular 
leaf spot fungus (20). 
Dry bean pathogens causing diseases such as bean common mosaic 
virus, common bacteria! blight, angular leaf spot, and anthracnose are able 
to infect seed and be transmitted within seed. When compared with highly 
infected fanners' seed, impressive results have been obtained by planting 
clean seed (3, 7). In Guatemala, clean seed combined with other inputs 
raised yields to 1.5 tonsj ha on 84 ha in two valleys compared with the 
national average of 515 kgf ha. Results in Colombia for certified and 
protected seed (produce<! with beavy chemical application in a high rainfall 
region) were not irnpressive. In fact, certified seed gave lower yields than 
fanners' seed and the protected seed was only marginally superior with a 
106 kg/ ha difference (3). In bean production regions with a high incidence 
of pathogens, pathogen-free seed may have to be combined with other 
control strategies to reduce disease incidence. Substantially higher yield 
differences will be necessary to offset the costs of implementing and 
maintaining clean seed production programs. 
Clean seed production in semí-arid regions of the westem U nited S tates 
undoubtedly has contributed substantially to the reduced importance of 
anthracnose and bacteria! blights in the U nited S tates. H owever, clean seed 
programs are expensive since they require: 
specific regions unfavorable to pathogen development and survival, 
but favorable to plant development 
increased production costs for irrigation, inspection, chemical 
protection and transportation back to production regions 
distribution to fanners. 
A successful clean seed production program often requires financia! 
support by the govemment ora producers' coopera ti veto reduce seed costs 
and insure farmer acceptance. However, when combined with other 
control measures, clean seed may be a low cost and effective control 
measure for certain pathogens (3). 
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In Latín American bean production, chemical control involves multiple 
spraying and substantially increased production costs. H owever, it often 
results in only limited success. Forexample, growersin the Cauca Valley of 
Colombia spent large amounts for agricultura! pesticides and still suffered 
substantíal damage from rust and Jeafhoppers (23). Chemical control also 
ís often assocíated with large farrn size, since these farrners generally use 
more inputs and receive more technical assistance than those with smaller 
farrns (Table 3). However, most bean production in Latín America occurs 
on small farrns. When chemicals are used, they may be inappropriate to 
control specific plant pathogens or insects, since farmers often apply only 
those chemicals which are known to be most effective on their more 
profitable cash crops such as coffee or potatoes (Sanders, unpubl ished 
data). Moreover, indiscriminant application of broad spectrum chemicals 
can eliminate beneficia! insect predators of bean pests and reduce the 
potential effectiveness of biological control agents. Chemical control of 
bean diseases and insects in Latín America, therefore, should beconsidered 
a large farmer solution, a short- terrn measure while resistances are being 
incorporated into commercially acceptable bean cultivars, and a 
component of integrated control. 
Breeding for disease and insect resistance is an essential component if the 
control strategy for Latín America is to be di rected toward al! producers, 
irrespective of their economic resources. The gain from breeding for 
resistance to specific pathogens and insects will depend on expected yield 
losses from the pathogen, the probability of success in breeding resistance 
into a high yielding and marketable cultivar, and the period during which 
the resistance mechanism maintains its effectiveness. Thus, not only must 
sources of resistance exist and be incorporated easily into commercially 
acceptable cultivars, but they also must endure long enough to ensure that 
overall benefíts are greater than the costs incurred in breeding and 
diffusion efforts. 
When multiple races or strains of a pathogen exist, probability of the 
loss of effective resistance becomes an important consideration, especially 
in the tropics where environmental conditions in many regions favor nearly 
continuous disease pressure. Alternative breeding strategies for more 
stable resistance, for example non-race-specific resistance, also must 
specify the time period and cost required to develop this protection. lt is not 
sufficient to point out only that race-specifíc resistance breaks down. lt also 
is necessary to identify a higher payoff with an alternative control measure 
and to compare net returns during the different time periods. Race-specifíc 
resistance to rust would ha ve been worth l. 2 million dollars, e ven if 
effective only for one season and the cultivar were distributed only 
throughout the Cauca Valley (Table 5). Nevertheless, a more stable and 
longer-term forrn of resistance is preferred if it has a higher economic 
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return than alterna ti ve controls or is the only practica! control available to 
producers with limited economic resources. 
Another problem is the increased probability of a general epidemic 
occurring after widescale diffusion of a new cultivar with race-specific 
resistance or different cultivarsderived from relatively similar and uniform 
germplasm sources. Such an epidemic occurred during 1970 in the United 
S tates when 75-90% of the commercial maize hybrids planted were derived 
from a single source of cytoplasm. These hybrids were susceptible to 
various pathogens such as Phyllosticta maydis and Helminthosporium 
maydis race 'T'. The latter reduced U.S. yields by 15% in 1970 (4). 
Geographical diversity of production areas and farming systems, 
differences in consumer preferences for bean type, and the expected slow 
diffusion of new materials to the many small farmers producing beans in 
Latin America all reduce the danger of a widescale epidemic inherent in an 
agricultura! system which relies on widely diffused and genetically uniform 
cultivars. Nevertheless, the stability of plant resistance mechanisms must 
be monitored continuously by research and extension personnel 
throughout Latín America and other dry bean proquction regions in the 
world. 
Summary 
Beans are attacked by a large number of plant pathogens and insect 
pests, many of which can reduce yields drastically. Farmers with small land 
holdings usually have limited resources but produce most of the beans in 
Latin America. Control strategies feasible for these growers may be 
restricted to those strategies which do not require large cash inputs, hence 
breeding for resistance may be the most desirable alternative available. 
National and international bean production programs must accurately 
identify yield constraints prevalent in specific production regions to 
provide more efficient use of the large manpower, research expenditure 
and time requirements necessary to implement resistance breeding. 
Stability of resistan! materials can be improved with an integrated 
control strategy consisting of resistance, cultural practices, chemicals and 
clean seed production for those diseases in which resistance does not confer 
immunity to infection. This integrated control strategy will need to be 
adapted to specific regional problems. As in the case of disease and insect 
priority identification, a more systematíc collection of information is 
necessary to evaluate the costs and probability of success for control 
strategies so that the research by pathology, entomology and breeding on 
the experiment station is more applicable and quickly available to farmers. 
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Table l. D ry bean production in the world during 1975-77 (9). 
Productio n Total Average 
Area Production Yields 
Country ('000 ha) ('000 ton) (kg/ha) 
Brazi l' 3788 1973 52 1 
Mexico 1525 837 547 
Argentina 167 187 1085 
Chile 82 85 1032 
Colombia 11 2 78 693 
Guatemala 119 70 599 
Paraguay 70 54 771 
Nicaragua 69 5! 746 
Peru 64 49 772 
Venewe!a 95 48 493 
Honduras 87 47 540 
El Salvador 54 38 703 
Dominican Republic 45 33 731 
Ecuador 66 30 451 
Cuba 35 24 686 
Costa Rica 36 !5 417 
Panama 17 4 235 
Latin America b 6486 3677 567 
Chma 2605 2229 856 
United States 570 779 1370 
Japan 11 3 148 1310 
Ca nada 68 97 1435 
Far East 9472 3179 336 
A fr ica 1961 1106 564 
Western Europe 941 483 513 
Near East 230 302 1313 
South Africa 69 64 927 
Worldc 23722 12392 522 
a/ Cowpeas were deleted from !he Brazilian bean da ta. 
b/ $(veral Lalin American countrics were e .. cluded beca use of onconsostent data. H owever, their 
share of produc11on was very small. 
e¡ ｔｨ ･ｳｾ＠ totals include production data from the above countries plus olhers not Usted. 
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Table 2. Rates of lncrease for product ion, area and yield of beans in Latín America 
during 1965-1976 (24).• 
Rate of 1 ncrease 
Country Production Area Yield 
Bralil -0.89 !.92 -2.81 
Mexico 0.99 -2.07 3.05 
Argentina 16.17 14.89 1.28 
Guatemala 4.21 2.24 1.97 
Colombia 6.77 3.26 3.50 
Ch ile -0.69 2.75 -3.45 
Honduras -0.54 0.88 -1.43 
Nicaragua !.93 0.77 1. 16 
Haití 1.01 0.33 0.68 
El Salvador 8.79 6.27 2.52 
Peru -3.80 -2.04 -1.16 
Paraguay 2.04 6.65 -4.61 
Vene1.uela -3.76 -1.76 -2.00 
Dominican Republic 3.41 l. OS 2.36 
Ecuador -1.16 ｾ Ｎ ＴＸ＠ ｾ Ｎ ＶＷ＠
Cuba 0.35 ｾＮＵＹ＠ 0.94 
Costa Rica -2.21 -4.25 2.04 
Pana m a -5.83 -4.01 -1.82 
Uruguay -2.66 ｾＮＶＵ＠ -2.0 1 
Latin America 0.27 0.79 .{).52 
• Estimated woth the semi-log model: L Y-A + bX, where L Y is the log to the base e of production 
ora rea. A and b are the parameters of the regression, and X rcpresents years. D ifferentiating L Y 
with respect to ycargives 8 L Y 1 a X • b. thusthe annual rateof change is b. When b i.s muhiplied 
by 100. the geometric growth rate is obtained. 
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Tablt 3. Ch aracteristics of bean p roduction in the !ou r p rincipal pro duction regions 
o f Colombia (23). 
Producuon Rcgion 
Characteristic Valle Hu ila Na riñ o Antioquia 
Average elcvation 
(meters above sea level) a 1120 1323 1309 2270 
Average farm size (ha) 48.0 29.5 9.2 4.4 
A rea in beans (ha) 22.6 4.1 1.8 1.5 
Percentage of farms using: 
l rrigation 45 2 o o 
Ce rtified seed 52 7 5 o 
Fcrtiliz.ers 1!4 20 o 100 
Herbicides 32 o o o 
l nsect icidcs 87 20 5 33 
Fungicides 100 14 o 42 
Credit 87 53 58 50 
Tcchnical assistance 70 18 5 8 
MJ)c:ed cropping o 74 95 100 
Machine ry lOO 44 o o 
Bean yield (kg/ ha) 906 680 467 533 
Bcan eq uivalen! yield (kg/ ha)b 906 825 732 723 
a T hc range was subslantital U\ two oi !he n:gions: 
Valle 1030 - !310m. Na riño 865 - 1560 m. 
Antioqma 2200 - 2410m, Huila 950 - 1560 m. 
b Thc bcan equ¡valent yield is: Y 8 • Pe Y e • Y 8 E Ps 
Where Y B is the bean yield. Y e ｾ＠ the corn yield or other crop y1eld. Y B. E is the bean 
eqmvalent yield and Pe 1s the corn (or other crop pnce) relative to the bcan pnce (P 8 ) 
Pa 
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Table 4. Estlmated beao yleld Josses attributed to plant pathogens and insects. 
Plant Disease or Estimated Yield Literature 
fnsect Pest Loss Cited 
Bean Common Mosaic Virus 53-68% (U.S. A.) 15 
16-95% (Latín America) 3 
Bean Golden Mosaic Virus 48-85% (Brazil) 5 
Common Bacteria! Blight 10-38% (U .S.A.) 28 
18-45% (Colombia) 22 
R).ISt 38-50% (Brazil) 21 
18% (Colombia) 29 
40-80% (U.S.A.) 28 
Anthracnose 38-99% (Colombia) 3 
100% (U.S.A.) 28 
Angular Leaf Spot SO% (U.S.A. ) 14 
40-ó0% (Colombia) 2 
80% (Mexico) 6 
Root Rots 60% (Brazil) 12 
15-86% (U.S.A.) 17 
Lealhoppers 14-23% (Wet season, Colombia) 25 
73-95% (Dry season, Colombia) 25 
Bean Pod Weevil 94% (El Salvador) 18 
90% (Mexico) 8 
Storage fnsects (Bruchids)a 35% (Mexico, Central America, 
and Panama) 19 
7.4% (Colombia) 26 
a The iosect damage losses were not separated from other storage losscs. 
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Table 5. Beao production losses caused by plan! diseases and insect pests in three 
Colombian bean zones during 1974-1975 (23). 
Production Problem 
Plant Diseases 
Rust 
Common Bacteria! Blight 
Angular Leaf Spot 
Viruses b 
Anthracnose 
Powdery Mildew 
Root Rot < 
lnsects 
Lealhoppers 
Thrips 
Estimated Value of Production Loss During 
One Crop Cycle 
Cauca Valley a 
U.S.$ 1, 171.000 
933,000 
552,000 
749,000 
Huila and Nariño• 
400,000 
282,000 
250,000 
207,000 
537,000 
510,000 
a The average elevation above sea leve! was 11 20 m in the Cauca Valley and 1320 m in Huila and 
Nariño. 
b Thc interviewing agronomists were unable 10 always differentiate between virus symptoms 
caused by bean common ｭｯｾｩ｣＠ virus, bean rugose mosaic virus or other viruses. 
No attempt was made to identify thc specific root rot pathogen respo nsible. 
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